Introduction
Windblown sand dust originating from mineral soil in the deserts of China and East Asia is known as Asian dust ('Kosa' or 'Yellow Sand' in Asian countries) and gives a poetic touch to spring in Japan. While Asian dust has long been known as a natural phenomenon, it has recently become a serious health care concern as epidemiological studies have demonstrated its potential association with diseases and adverse health effects. 1 Because Asian dust mixes with air pollutants during atmospheric transport, it contains harmful chemical species such as sulphur and nitrogen oxides or by-products formed from combusted coal and other fossil fuels. 2 Asian dust also contains microbiological materials and was suggested to increase the incidence of respiratory events caused by inflammation due to microbial materials. 3, 4 Particular air pollutants may enhance atherothrombotic processes via the generation of pulmonary inflammation or direct translocation into the systemic circulation, where smaller particles may increase the risk of cardiovascular disease (CVD). 5, 6 However, Asian dust typically includes particle fractions with heterogeneous size distributions. 2 It is also recognized that meteorological variables and emotional stress, in addition to Asian dust, may be associated with acute myocardial infarction (AMI) onset. 7, 8 Several reports have examined the relationship of Asian dust with respiratory afflictions, CVD, and mortality. [9] [10] [11] [12] However, there are limited data on Asian dust-induced CVD, possibly because past studies examined hospital admission for AMI that had a different time course than the onset of AMI. Small sample size and insufficient sampling in relevant geographic regions are also of concern. Moreover, although several studies observed an association between Asian dust exposure and CVDs, few have explored the differences in the effects of Asian dust exposure on CVDs according to various individual factors. 11, [13] [14] [15] Kumamoto Prefecture is in the centre of Kyushu district, located in south-western Japan, close to China across the East China Sea (see Supplementary material online, Figure S1 ). Accordingly, residents of Kumamoto Prefecture are expected to be affected by Asian dust. Information on Asian dust exposure in the entire area of Kumamoto Prefecture is commonly collected by the local meteorological observatory. We previously established the Kumamoto Acute Coronary Events (KACE) study group to accurately examine the incidence of AMI potentially related to Asian dust; specifically, all cases with AMI occurring in Kumamoto Prefecture are registered, and a variety of AMI cases have been investigated since 2004 . 16 The collected data include patient background such as AMI onset date and coronary risks. In the present study, we designed a time-stratified case-crossover study to elucidate the association between Asian dust and the incidence of AMI during a definite period (within days) in a population of patients from a well-defined geographical region, known to have high susceptibility to AMI.
Methods
Patient registry data: KACE study 
Asian dust, meteorological, and air pollutant data
Data for ground-level observations of Asian dust events and meteorological variables, including ambient temperature and relative humidity, which were measured at the Kumamoto Local Meteorological Observatory in Kumamoto City, were obtained from the Japan Meteorological Agency. The occurrence of an Asian dust event was generally determined according to a visibility-based observation at the same observatory [http://www. jma.go.jp/en/kosa/ (18 August 2017)]. An Asian dust event was reported when visibility was reduced to <10 km. Since Asian dust is not a natural phenomenon in the area, Asian dust events observed in Kumamoto City indicated the occurrence of Asian dust events in Kumamoto Prefecture. Background concentrations of air pollutants, including photochemical oxidants (Ox), defined as a mixture of ozone and other secondary oxidants generated by photochemical reactions, nitrogen dioxide (NO 2 ), sulphur dioxide (SO 2 ), and particulate matter with an aerodynamic diameter < _2.5 lm (PM 2.5 ), were measured at the Mashiki Town Office in Kamimashiki-gun, which is located 12 km east of the Kumamoto Local Meteorological Observatory and the only monitoring station to measure PM 2.5 concentrations in the Kumamoto Prefecture as of 2010. From the atmospheric environmental database of the National Institute for Environmental Studies, we obtained hourly measurements of air pollutants (Ox, NO 2 , SO 2 , and PM 2.5 ) recorded at the Mashiki Town Office, and calculated the 24-h mean concentration of each pollutant when fewer than five measurements were missing.
Statistical analysis
A time-stratified case-crossover design 20 was applied to examine the association between exposure to Asian dust and AMI risk. Within-subject comparisons were made between the case period and control periods. The case period was defined as the day of AMI onset, whereas corresponding days of the week in the same month of the same year were considered control periods for the given case period. This control selection strategy was expected to adjust for time-invariant covariates such as long-term trends and seasonality. 21 For example, if AMI onset occurred on 20 May, three control days were selected: 6, 13, and 27 May. We used a conditional logistic regression model and estimated the odds ratios (ORs) and 95% confidence intervals (CIs) of AMI events associated with Asian dust exposure. Because the effects of Asian dust events were assumed to persist over the course of a few days, we examined the single-day lag effect from Day 0 to Day 5, and observed a great impact of Asian dust on the next-day (Day 1) on incidence of AMI onset (OR 1.45; 95% CI, 1.06-1.99) (see Supplementary material online, Figure S2 ). Therefore, further analyses focused on the association between Asian dust and the risk of AMI on Day 1. Model selection was based on the Akaike information criterion. When controlling for the effect of environmental factors, we used natural cubic splines (three knots) for smoothing data regarding ambient temperature and relative humidity (3-day average: case/control day plus 2 preceding days). Furthermore, the analysis was adjusted for the effect of co-pollutants (Ox, NO 2 , SO 2 , and PM 2.5 ) and data on influenza epidemics collected from the Japan National Institute of Infectious Diseases. We performed stratified analyses according to age, sex, hypertension, diabetes mellitus, dyslipidaemia, smoking status, and CKD. A risk score was developed using variables defining subgroups of the population for which we found statistically significant associations between dust storms and AMI incidence. The risk scoring system assigned 1 point for any variable defining a subgroup of the population with a significant association between dust storms and AMI; the risk score was calculated as a simple sum of the points. Statistical interactions of age, sex, hypertension, diabetes mellitus, dyslipidaemia, smoking status, CKD, and risk score with Asian dust events were tested with a likelihood ratio test. A P-value < 0.05 was considered to indicate statistical significance. All analyses were performed using STATA version 13 (StataCorp LP, College Station, TX, USA).
Results

Patient characteristics
Of the 4509 consecutive patients who developed AMI between 1 April 2010 and 31 March 2015, 4288 resided in Kumamoto Prefecture and were assessed for eligibility. However, 575 patients were not enrolled because they experienced AMI during hospitalization, had no data on CKD, or their case day corresponded to the national holiday. Finally, the study included 3713 patients [2212 with STEMI, 1501 with NSTEMI (40.4%)] (Figure 1) , and 28-day mortality was 8.3% (n = 310).
A total of 1531 patients (41.2%) were aged > _75 years, and 1038 patients (28.0%) were women. 
Asian dust and acute myocardial infarction incidence
The occurrence of Asian dust was associated with the next-day incidence of AMI (i.e., AMI on Day 1 after the Asian dust event) (temperature-and humidity-adjusted OR 1.46; 95% CI: 1.09-1.95) ( Table 2) . 
HAMDeNS score and the relationship between Asian dust and acute myocardial infarction
Subgroups of the population defined by age >75 years, male sex, hypertension, diabetes mellitus, never-smoking status, and CKD (eGFR < 60 mL/min/1.73 m 2 ) each showed significant associations between dust storms and AMI incidence and were each assigned 1 point in the HAMDeNS score. Patients were stratified according to HAMDeNS score (sum of risks) as follows: 0-2 points (n = 1265), 3-4 points (n = 2006), and 5-6 points (n = 442). The association between Asian dust and AMI on Day 1 varied with the HAMDeNS score ( Figure 3 ) and was particularly significant among patients with a HAMDeNS score of 
Discussion
This study suggested that Asian dust is a potential trigger for the onset of AMI in patients exposed to Asian dust in Kumamoto Prefecture, and the incidence of AMI may increase the next day after the Asian dust event. This association may be influenced by several aspects, with renal malfunction among key contributors. The HAMDeNS risk score may serve as a warning regarding the onset of AMI, especially during Asian dust season. Recent reports have focused on the health effects of Asian dust exposure, but with inconsistent results due to different assessment of Asian dust exposure, target geographical region, study design, and analytical methods. 3, [9] [10] [11] [12] [13] [14] [15] 22, 23 A uniformly selected group of patients may be needed to evaluate if Asian dust events have a significant effect on AMI occurrence. Using the definition of Asian dust put forth by the Japan Meteorological Agency, we extracted all data on patients admitted for AMI in a given geographical area and within a given time period, and identified the exact onset date and time. Distinct patient information and clinical background were applied, and we limited the study to those solely affected by Asian dust by excluding patients with in-hospital symptom onset and emotional impact due to national holidays. Previous studies did not include details on patient characteristics such as coronary risk factors. In the present study, confounding factors such as meteorological variables and air pollutants were adjusted for. We also determined patients prone to AMI and proposed a risk stratification procedure. The detailed mechanism of AMI onset due to Asian dust exposure remains unclear. The range of particle sizes in Asian dust was measured at 1-8 lm (median, 3 lm), 24 indicating relatively small particles corresponding to the size range of PM 2.5 , which are known to influence human health. 5, 6 However, the significant association between Asian dust and AMI was maintained even after adjustment for PM 2.5 , suggesting increased contribution of coarse particles, likely leading to pulmonary inflammation. 25 Asian dust is composed of soil and anthropogenic pollutants. Soil may be less pathogenic than anthropogenic pollutants, and anthropogenic pollutants have a possible effect on the onset of diseases. Previous studies reported that there was an unfixed relationship between health effects and Asian dust exposure, possibly because different compositions of pollutants due to atmospheric transport routes are closely associated. 26 Various pollutant materials in Asian dust such as radioactive isotopes, 27 heavy metals, 28 minerals, 24, 29 polycyclic aromatic hydrocarbons, 30 and dioxins 31 that are emitted from China have been reported. 32 Further, Asian dust may collect and transport biological materials such as viruses 33 and bacteria, 34 but the risk due to biomaterials is unknown. 32, 35 Asian dust that moves across industrialized areas may cause a greater risk than desert dust that is tracked without passing over developed areas. 36 However, in this study, there was also a significant relationship between Asian dust and health effects, even after adjustment for NO 2 , SO 2 , Ox, and influenza virus. Asian dust exposure may be associated with the onset of CVDs. In Kyushu district, to which Kumamoto Prefecture belongs, Asian dust with abundant atmospheric pollutants is frequently observed. Moreover, Asian dust was reportedly associated with thrombotic diseases such as ischaemic stroke and AMI in Fukuoka, a neighbour of Kumamoto Prefecture. 14, 15 Systemic oxidative stress and inflammation are major sources of CVD, leading to endothelial cell dysfunction, plaque vulnerability, thrombus formation, and promotion of atherosclerotic lesions. 5, 6 Matsukawa et al. 14 reported that, in Fukuoka Prefecture, the occurrence of Asian dust 4 days before admission was significantly associated with admission due to AMI within 24 h from onset. Our present study, which focused on the association between Asian dust occurrence and AMI onset rather AMI occurrence leading to hospital admission, showed that Day 1 of Asian dust was closely associated with the incidence of AMI.
Our detailed investigation and the use of a limited number of patients who were affected by Asian dust exposure allowed us to yield novel and reliable information. Although the link between particle constituents and detailed information on health effects is missing, our results may indicate the mechanism of Asian dustinduced CVDs. It remains to be elucidated why never-smokers are susceptible to AMI due to Asian dust exposure. A meta-analysis revealed that never-smokers might have an elevated risk of lung cancer that is associated with PM compared with the risk for current smokers. 37 Information about the smoking level is obscure, but never-smokers might be sensitive to and easily affected by air pollution. In our study, Asian dust had a strikingly harmful effect on CKD patients, in whom increased oxidative stress and inflammation have been identified. 38 Particulate matter possibly increases inflammatory responses, endothelial dysfunction, and vasoconstriction, which are partly involved in the formation of reactive oxygen species and thrombogenicity, leading to atherosclerotic progression and vulnerable plaques. 5, 6 Asian dust exposure may amplify vicious factors that accompany CKD, and prevention against Asian dust exposure may not increase the aggravating burden, ultimately attenuating the trigger of cardiovascular events in risk-aggregated patients. We clarified that several coronary Figure 3 Risk aggregation to predict the incidence of acute myocardial infarction based on the HAMDeNS score. *Differences in effect estimates were tested with a likelihood ratio test. CI, confidence interval; OR, odds ratio.
risks raise the possibility that AMI onset is associated with Asian dust; furthermore, a risk stratification protocol was established. The newly established HAMDeNS score may be helpful in clinical practice because it accounts for a mixture of general (age > _75 years, male sex, hypertension, diabetes mellitus) and specific (never-smoking status) risk factors for AMI; however, its validity should be confirmed in other patient populations. This study has some limitations. The change in definition of AMI possibly affected the number of MI diagnoses, with an increase in micro-infarct detection. 17 The KACE study has continued annual registration and started to use troponin levels for the diagnosis of AMI in 2012. Since the data for Asian dust events provided by the Japan Meteorological Agency were dependent on the distance of visibility, non-differential misclassification of exposure might occur. Quantitative assessment of Asian dust can be performed using light detection and ranging (LIDAR). However, since no observation station in Kumamoto Prefecture uses LIDAR, it would have been difficult to analyse the dose-response association between Asian dust and AMI incidence. Despite the limitations of the present study, our results provide strong evidence to emphasize health education and communication with patients at risk for AMI.
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